[Purpose] The purpose of this study was to determine the inter-and intra-examiner reliability of measurement methods for femoral anterversion during Craig's test. [Subjects and Methods] The study included 37 healthy participants (20 males and 17 females). Two novice examiners (Department of Physical Therapy students at Silla University) used three different methods to measure the femoral anterversion during Craig's test: a goniometer, a goniometer with a laser beam, and an inclinometer.
INTRODUCTION
Lower extremity (LE) malalignment influences the load distribution on the joints, mechanical efficiency of the muscles, and proprioceptive orientation and feedback from the hip and knee, resulting in altered neuromuscular function and control of the lower extremities 1, 2) . Among these LE alignment variables, femoral anteversion has been identified as a risk factor for hip and knee joint injury 3, 4) . Increased femoral anteversion can increase hip adduction and knee abduction because the patella shifts to the medial side of the femoral condyle groove, thereby increasing the Q-angle and ultimately resulting in knee valgus deformity 5) . As females have a wider pelvis, larger Q-angle, and larger femoral anteversion values than males, more females experience frontal plane stress while engaging in functional tasks 4) . Thus, an accurate assessment of femoral anteversion is important for diagnosing and preventing hip and knee injuries 6) .
Femoral anteversion is the degree of forward projection of the femoral neck from the frontal plane of the shaft 7) . Various methods and equipment have been used to measure femoral anteversion. Radiographic evidence and complex trigonometric formulae have been employed to determine the femoral anteversion angle and the femoral neck shaft angle 8) . However, the limitations of radiographs do not allow for the axes to be placed accurately 9) . Ultrasound (US), which is both inexpensive and noninvasive, can be used to measure femoral anteversion, but it is not easy for a novice examiner to find the true axis of the femur 10) . Computed tomography (CT) is one of the most reliable methods of measurements for determining the rotational alignment of the lower extremities 11) . The inter-examiner reliability of femoral anteversion measurements with CT is higher than with magnetic resonance imaging (MRI), and there is a significant correlation between the results of CT and the internal rotation of the hip joint. Although imaging can be useful, a physical examination is needed in daily clinical practice to determine femoral anteversion. Craig's test is the most commonly used physical method for measuring femoral anteversion. Craig's test results correlate with commonly used radiographic techniques (r = 0.93) 12) . Studies have reported that Craig's test has high intra-examiner reliability. However, the examiner may find it difficult to locate and palpate the greater trochanter and the goniometer axis because one hand has to maintain the internal rotation of the hip while the other hand measures the angle between a virtual vertical line, which is based on different standards among examiners and the bisection line of the tibia using the goniometer. Examiners may find it difficult to control the goniometer axis while maintaining the maximal lateral Thus, there is a continuing need for a method to measure femoral anteversion that is easy to use, accurate, and reproducible. The purpose of this study was to examine the inter-and intra-examiner reliability of a goniometer, an inclinometer, and a goniometer with a laser, all of which are tools used to measure femoral anteversion in Craig's test.
SUBJECTS AND METHODS
Thirty-seven healthy volunteers (20 males, age 28.7±1.1 years, height 1.71±0.4 m, and mass 72.8±7.7 kg; 17 females, age 26.3±1.6 years, height 1.64±0.2 m, and mass 67.3±5.9 kg) participated. The inclusion criteria were no prior medical history of surgery and no acute LE orthopedic injury or lumbar spine injury for at least the previous 6 months. Before taking part, the participants provided written informed consent. This study was approved by the Institutional Review Board at Silla University.
We used three methods to measure the femoral anteversion. The first method employed the traditional Craig's test. The participants were placed in a prone position, with 90° flexion of the knee joint. Using one hand, the examiner palpated the greater trochanter until it was positioned laterally and maximally during passive internal rotation of the hip joint. The examiner then used a handheld goniometer with his other hand to measure the angle between the tibial lines, a line bisecting the medial and lateral malleoli, and an imaginary vertical line extending from the table 13, 14) .
The second method also started with Craig's test but used an Acumar digital inclinometer (Lafayette Instrument Co., Lafayette, IN, USA) instead of a handheld goniometer. The inclinometer was attached along the line between the fibular head and the lateral malleolus. Calibration was performed with the vertical line extending from the table during each Craig's test, and the angle displacement between the vertical line and the end position was recorded.
In the third method, femoral anteversion was measured using a handheld goniometer with a leveling laser beam (LD-SL01, LAND Group, Zhejiang, PR China). The leveling laser beam, located on a tripod, was used to project both vertical and horizontal beams. The intersection point of the vertical and horizontal lines was focused on the center of the subject's patella. During Craig's test, the position of the goniometer axis for the virtual vertical line was located using the vertical laser beam.
Two novice examiners (fourth-year undergraduates in the Department of Physical Therapy) used the three methods in all the tests. The measurement methods were standardized for both examiners in a pilot test. The examiners' results from the first session were compared with the corresponding results from the second session to calculate the intraexaminer reliability of each method. To avoid any learning effect, each examiner had a 1-day interval between the first and second sessions. On the same day, the other examiner evaluated the same subject in an identical fashion to calculate the inter-examiner reliability. All the data were recorded by a third examiner to avoid comparison of the data during the three methods for each of the two examiners. The examiners collected the data during the tests to ensure that the participants remained as stable as possible for all three methods. To ensure that the examiners remained blinded to each other's assessments, the two examiners entered the examination room independently. Each of the examiners performed three trials (one session for each trial), and each measurement was taken on the right femur. The order of the methods was randomized.
The data were analyzed using PASW Statistics for Windows (Version 18.0; SPSS Inc., Chicago, IL, USA). Intraclass correlation coefficients (ICC) (3,1) and 95% confidence intervals (CI) were used to analyze the intraexaminer and inter-examiner reliability. The ICC reference values of the present study for the reliability of the measurements were poor (less than 0.25), low (0.26-0.49), moderate (0.50-0.69), high (0.70-0.89), and very high (above 0.90) 15) .
RESULTS
The reliability of both examiners was high with all the Craig's test methods. The goniometer, combined with the laser, showed the highest reliability (ICC 0.68-0.93) among the methods assessed ( Table 1 ). The reliabilities of both the goniometer and the inclinometer were low. However, the Craig's test with the goniometer and laser showed moderate reliability (ICC 0.13-0.83) ( Table 2) .
DISCUSSION
The aim of this study was to determine the intra-and inter-examiner reliabilities of femoral anteversion measurements obtained using Craig's test with a goniometer, an inclinometer, and a goniometer with a laser beam. The results showed that Craig's test using a goniometer with a laser beam had moderate inter-examiner reliability and that the reliability was higher than that of the other methods.
Various techniques have been used to measure femoral anteversion. Ryder's method 8) is similar to Craig's test in terms of the goniometer axis. The angle between a line extending from the longitudinal axis of the tibia, assumed to be vertical, to the dorsal condyle of the femur and a vertical line to the ground is considered to represent femoral anteversion. The femoral torsion index (FTI) is another femoral anteversion measure. It is considered easier to find the femoral torsion. Rather than finding the longitudinal axis of the tibia, the femoral torsion axis is found using a line connecting the dorsal surfaces of the medial and lateral condyle of the femur. Although the FTI is more reliable than Ryder's method 16) , we focused on the reliability of the vertical line extending to the ground. Although both Ryder's method and the FTI utilize the longitudinal axis of the femur, the imaginary vertical line could vary with the standing posture and head posture of the rater. The results of our study showed that Craig's test using a goniometer with a laser beam was more reliable than the traditional Craig's test. The laser provides a reference axis for the imaginary vertical line.
Craig's test has shown high reliability in measuring femoral anteversion 12, 15) . Ruwe et al. reported that Craig's test of the femoral anteversion angle correlated with intraoperative measures (r = 0.930) and with radiographic techniques (r = 0.941). However, other studies found that the results of physical examinations of femoral anteversion were not consistent with those obtained with imaging techniques 10, 16) . Souza and Powers 17) reported that physical examinations had such a wide confidence interval that their clinical utility may even be called into question. One problem when using a goniometer is the position of the axis. Although goniometers are commonly used to measure the range of motion, it is difficult to simultaneously handle the instrument and identify reference anatomical points. Additionally, anatomical errors and undesirable movements may compromise the results 18, 19) . Another possible reason why goniometers are less reliable is that the experience and ability of the examiner may, at least partially, affect the reproducibility of the measurement 20) . Our results showed that the inclinometer method with Craig's test had lower reliability because of the difficulty in locating the attachment position for the inclinometer. We used a goniometer with a laser beam to increase the reproducibility in assessing the vertical axis, resulting in better inter-examiner reliability than the traditional Craig's test. Using a goniometer with a laser beam, the novice examiner can measure femoral anteversion with a more accurate reference axis. However, the examiner cannot ensure the femoral anteversion angle using a goniometer with a laser beam because physical examination methods do not correlate well with imaging techniques (CT, MRI, US) 10, 16) . Clinicians are aware that goniometer measurements are not interchangeable with true femoral torsion obtained by imaging techniques.
Although we controlled the standard measurement axis with the laser beam, we did not control subject posture during the measurement. Pelvic location was not in the same prone position on the two measurement days. Because the acetabulum location is changed by the pelvic tilt position 21) , the pelvic location could affect the range of motion in femur rotation. Additionally, no lower extremity muscle length test was performed; thus, the iliopsoas muscles and rectus femoris can affect the pelvic and femur locations in a prone position. The future studies should consider participants' positions during measurement and examine relationship between muscle length in lower extremity and femoral anteversion.
In this study, we found that Craig's test using a goniometer with the laser beam method showed high intra-examiner reliability and moderate inter-examiner reliability. Clinically, these findings may supplement existing measurement skills and reduce the difficulty in locating the goniometer axis during Craig's test. 
